Background: Primary nonadherence occurs when new prescriptions are not dispensed. Little is known about how to reduce primary nonadherence. We performed a randomized controlled trial to evaluate an automated system to decrease primary nonadherence to statins for lowering cholesterol.
C
LINICAL TRIALS HAVE CONfirmed the efficacy of many medications, yet taking medications as prescribed can be challenging to patients for a variety of reasons. Retrospective studies 1 of adherence to medications for the prevention of cardiovascular events among patients with coronary artery disease have found an association with improved cardiovascular outcomes. Decreased hospitalization costs appear to offset increased medication costs because of better adherence. [2] [3] [4] The linkage between medication adherence and improved outcomes thus appears sufficient to support interventions to improve adherence, even though additional resources are required. 5 Automated outreach to targeted populations may be a relatively efficient strategy to address nonadherence in large populations.
The problem of medication adherence is often divided into 2 main types: primary nonadherence, which occurs when a newly prescribed medication is never taken, and secondary nonadherence (persistence), which occurs when a medication is not taken as prescribed. Reasons for both primary and secondary nonadherence to chronic disease medications include 3 main patient factors: (1) side effects and safety, (2) need and effectiveness, and (3) affordability. 6 Although reasons for primary and secondary nonadherence may overlap, the frequency of specific reasons may differ among types of nonadherence. 6 For example, because patients have limited experience with a new medication, fear of side effects may be more common among patients with primary nonadherence. Primary nonadherence can be difficult to capture because measurement depends on prescription and dispensation data. There appear to be few trials on interventions to reduce primary nonadherence, although systematic re-views demonstrate a variety of interventions for secondary nonadherence. 7, 8 We tested an automated outreach intervention to increase dispensations of the prescribed medication near the prescription date. We chose to study dyslipidemia management as a clinical scenario that may typify common problems associated with primary nonadherence. We developed an intervention based on the belief that primary nonadherence might decrease if patients received encouraging prompts and information about the benefits of therapy. The intervention consisted of a telephone call followed later by a letter for patients with continued nonadherence.
METHODS
This randomized controlled trial evaluated a strategy of automated messaging to prompt adherence to a newly prescribed 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitor (ie, statin) for dyslipidemia. The study was conducted from April through the middle of June 2010. Adherence rates were compared between an intervention group and a usual care (no population outreach) control group. The prescribing physician was not involved in the outreach. All data were passively collected from existing electronic records. The Southern California Kaiser Permanente Institutional Review Board approved the study. Informed consent was waived. All analyses were performed using SAS statistical software, version 9.1 (SAS Institute, Inc).
SETTING
The study was conducted at Kaiser Permanente Southern California (referred to as the health plan), an integrated health care system that provides comprehensive care to 3.4 million members at 14 medical centers and 197 medical offices. Members have similar health service benefits. More than 90% of members have a pharmacy benefit that covers all or a portion of medication costs. Clinical practice guidelines developed by the health plan are routinely accessible for clinician use. Among these are guidelines for dyslipidemia control using statins, other medications, and behavioral change.
STUDY PARTICIPANTS
We identified a group of patients who were prescribed a statin as a new medication. A new medication was operationalized as a prescription for a statin or combination drug containing a statin and no record of such a drug dispensed within 365 days before the index prescription date. Participants were limited to those with 1 or more years of membership from the prescription date and no gap in enrollment more than 30 days during the past year. An age limit of 24 years and older at the time of the prescription was required because of infrequent statin prescriptions in younger individuals and controversial use of statins early in life. 9 Members who had no record of the statin prescription being filled at a health plan pharmacy after 1 to 2 weeks were considered nonadherent and eligible for the study. The participant identification process is shown in Figure 1 .
INTERVENTION
The goal of the intervention was to provide educational information and an encouraging prompt to adhere to a recently prescribed statin. The type and sequence of automated messaging were based on health plan outreach team experience and previous research showing the effectiveness of an automated telephone call followed by a letter for diabetes test monitoring. 10 The time frame for intervention was guided by prior work (led by T.C.C.) on dispensation rates in members who were prescribed a statin in the months just before the study. In these analyses, 18.4% of new statin prescriptions remained unfilled after 12 weeks. Among those who filled their prescription, 82.2% to 90.1% did so by 1 to 2 weeks after the prescription date. With a plan to conduct the intervention in weekly batches, it was determined that contact 1 to 2 weeks after the prescription date was a practical time frame for initiating outreach. This time frame allowed sufficient time for most of the patients to fill a prescription, thus reducing the need for outreach, while intervening soon enough to avoid an unhelpful delay.
Participants were contacted 1 to 2 weeks after the prescription date by an automated telephone call to retrieve a personalized message from the health plan (eAppendix; http://www .archinternmed.com). If no one answered, messages were left on answering machines directing participants to call a tollfree number to retrieve their message. Busy signals resulted in up to 2 more attempts to make telephone contact on subsequent days. Calls were made between 10 AM and 8 PM. One week after the initiation of calls, participants who still did not fill their prescription were sent a letter. The letters were expected to arrive 9 to 11 days after the first outreach contact by telephone. More than 95% of all health plan members have a telephone number on record, and more than 99% have an address.
Telephone calls began with a standard greeting saying that the message was from Kaiser Permanente. The message could be retrieved through interactive messaging during the call or by dialing a toll-free number. The personalized message conveyed that a statin drug was prescribed by their clinician and there was no record of the drug being dispensed by health plan pharmacies. The potential importance of the medication was described, and participants were encouraged to either have the prescription filled or contact the prescribing physician. The contact number of the local health plan pharmacy was provided. The telephone message was accessed in either English or Spanish and was approximately 40 seconds in duration. The letter was printed on one side in English and the other side in Spanish, and the text occupied approximately half a page. Letters were signed using the prescribing physician's name, a standard outreach practice in the health plan. 
ENROLLMENT, RANDOMIZATION, AND STUDY FLOW
Study participants were enrolled in weekly batches for 10 weeks (Figure 1 ). Each batch underwent the same process of study steps as shown in Figure 2 . Enrollment and follow-up were passive. Members of the health plan who were prescribed a statin during a 1-week interval from Monday to Sunday were identified on Sunday night using HL7 electronic health records (Health Level Seven, Inc). The dates of prescriptions and dispensations were recorded. Algorithms were developed to identify and remove prescriptions that were canceled. Age and membership exclusions were applied. Pharmacy records were checked to exclude members who had a history of a statin dispensation during the year before the prescription date. On Sunday night, 1 to 2 weeks after the prescription date, pharmacy dispensation records were checked to exclude members who had filled their prescription. The remaining members were eligible for the study; all eligible members were enrolled. On Monday morning, a quality check was manually performed by reviewing a sample of medical records for assurance that no obvious errors in electronic identification were made-a standard quality check for health plan outreach. A study programmer used computer-generated random numbers to sort participants into the intervention and control groups in equal proportion (day 0). Assignment was concealed from study investigators and analysts. Telephone contact information for the intervention group was sent to the telephone outreach organization for calls to be made (on days 0-2). One week after telephone calls were completed, dispensations from health plan pharmacies were checked. Address contact information for intervention group participants who still had no prescription dispensed was sent to the letter outreach organization (day 7) for printing (day 8) and mailing (day 9).
OUTCOMES
The primary outcome was dispensation of a statin between the first telephone call (day 0, the randomization day) and up to 2 weeks after the expected delivery of the letter, totaling 25 days from randomization and 32 to 39 days from the date of the prescription. Sensitivity analyses included outcomes 1 week earlier and 1 week later. This time frame was chosen to focus on primary nonadherence rather than secondary nonadherence. In a secondary analysis to evaluate long-term differences in medication dispensations, the number of dispensations was determined at 139, 253, and 367 days after randomization (114, 228, and 342 days after the primary outcome). These intervals were chosen because statins are often prescribed for a 100-day supply-the maximum allowed by the health plan-plus a 2-week delay for refilling. Therefore, by 139 days, for example, everyone who filled a prescription once during the primary study period had reasonable opportunity to obtain an "on schedule" refill, indicating secondary adherence.
SAMPLE SIZE
Preliminary data identified a nonadherence rate of 25% to 30% after 1 to 2 weeks from the prescription date and 20% after 1 to 2 months under usual care conditions. We aimed for sufficient power to detect a 5% difference in adherence between the study arms based on a response rate of 20% in the control arm. Use of a significance level of .05, 90% power, a 2-sided test of proportions, and equal-sized groups required 1504 participants per group. Preliminary work suggested we would accumulate approximately 500 participants per week; because of the low costs of data collection and to ensure additional power for subgroup analyses, we planned a 10-week intervention for approximately 5000 participants.
MEASUREMENT OF COVARIATES
Covariates included age, sex, race/ethnicity, language preference (routinely collected by the health plan), and a pharmacy drug benefit that reduces the cost of prescribed medications. Socioeconomic indicators of income and educational level were gathered to further describe the cohort. These variables were imputed by address of residence and were not used in main results. Participants who died or disenrolled were detected using health plan vital statistics and administrative files. Health plan vital statistics historically miss 5% to 9% of deaths after later reconciliation with California Vital Records and the Social Security Death Index.
STATISTICAL ANALYSIS
The effects of randomization were assessed with the 2 and t tests. All participants' data were analyzed according to initial randomization (intent-to-treat) whether or not the participant was successfully contacted. Dispensations were compared between the intervention and control groups using 2-by-2 contingency tables and the Fisher exact test (2-sided) for dependency between the study groups. In secondary analyses, logistic regression was used to examine dispensations by participant characteristics. P Ͻ .05 was used to guide determination of statistical significance. Intervention effectiveness was examined by sex, age, race, and language preference using regression interaction terms.
RESULTS
There were 2606 participants in the intervention group and 2610 participants in the control group. Participant characteristics and the results of randomization are given in Table 1 . The mean patient age was 56.1 years, and 50.6% of the participants were female. English was the preferred spoken language in 82.1% of participants and Spanish in 15.6%. The racial and ethnic distribution was similar to the entire health plan membership (data not shown). A total of 90.7% of participants had a pharmacy drug benefit. The mean (SD) low-density lipoprotein cholesterol level based on the last value during the year before the randomization date was 146 (36) mg/dL (to convert to millimoles per liter, multiply by 0.0259). Among those randomized, 17 had no telephone contact because of a nonworking number, 2 died, and 45 disenrolled from the health plan during the study period.
The main results (Table 2) indicate that the proportion of participants who were dispensed a statin 25 days after randomization and up to 2 weeks after expected delivery of the letter was greater in the intervention group compared with the control group (42.3% vs 26.0%; absolute difference, 16.3%; P Ͻ .001). The relative risk (RR) for adherence in the intervention vs control group was 1.63 (95% CI, 1.50-1.76); the odds ratio (OR) for comparison with logistic regression (Table 3) was 2.08 (95% CI, 1.85-2.35). The corresponding RR of nonadherence was 0.78 (95% CI, 0.75-0.81). When the outcome was measured 1 week earlier and 1 week later, the RR for adherence was similar (1.63 and 1.58, respectively; both P Ͻ .001). Secondary adherence (number of dispensations at 3 intervals in the following year) was always greater (P Ͻ .001) in the intervention arm (Table 4) , although the difference decreased over time. Among those who were dispensed a medication during the study period, the refill rate was similar (eg, by 114 days, the proportion with a refill was 35.1% and 35.5% in the intervention and control groups, respectively).
Two participant characteristics were found to predict adherence regardless of study group (Table 3) . Spanish speakers were more likely to have a statin dispensed (OR, 1.32; 95% CI, 1.06-1.65; P = .01), and a pharmacy drug benefit was strongly associated with increased ad- a Tests of differences between the control and intervention groups were performed using the 2 and t tests. Race and ethnicity and median household income were tested for differences in the distribution of subcategories. Spoken language in 16 participants was missing; language in these participants was categorized as English. Data are presented as percentage of patients unless otherwise indicated. a The outcome was a dispensed prescription for a statin or a statin containing a combination drug between 32 and 39 days after the prescription date, which was 2 weeks after the anticipated delivery date of the outreach letter in the intervention arm. The relative risk for a dispensed medication in the intervention vs control group was 1.63 (95% CI, 1.50-1.76; P Ͻ .001); alternatively stated, the relative risk for nonadherence (no dispensed medication) in the intervention vs control group was 0.78 (95% CI, 0.75-0.81).
herence (OR, 10.05; 95% CI, 6.85-14.75; P Ͻ .001). Intervention effectiveness across subgroups is shown in Figure 3 . A significant interaction with the intervention was found for age (P = .045). The intervention was effective in all age categories (P = .003 to Ͻ .001), although point estimates suggested a slightly greater effect in participants 50 years and older.
COMMENT
This method of population outreach using automated messaging to decrease primary medication nonadherence for a commonly prescribed cholesterol-lowering drug was highly successful. After detecting nonadherence to a prescription written 1 to 2 weeks earlier, a telephone call, followed a week later by a letter that reinforced the reasons to use the medication and encouraged action, resulted in a 16% absolute and 22% RR decrease in primary nonadherence at 25 days. In so doing, the size of the population with primary nonadherence was reduced with an automated program that is easily expanded. Given how common primary nonadherence appears to be for chronic diseases, 6 if similar results are realized for different medications and conditions, the population effect is potentially large.
The intervention was designed to address primary nonadherence and leave to other programs the issue of secondary nonadherence. It is therefore encouraging to see a difference in effect up to 1 year, albeit decreased in size. The difference between the study groups in long-term adherence appears to be due to increased numbers of participants starting use of the medication because the refill rate among all those dispensed a medication during the study period was essentially the same (35.1% and 35.5% in the intervention and control groups, respectively) in both study groups. This rather disappointing measure of first refill and the overall low rate of "on schedule" dispensations up to 1 year point to the difficult problem of secondary medication adherence. The practice of pill splitting might lead to an underestimation of secondary adherence but should not affect the difference between study groups.
The intervention was similarly effective across sex and age groups. We found no evidence of differences in response by race, although our results may have been affected by 22.9% missing data. Spanish speakers were more likely to have their prescription dispensed after 1 to 2 weeks regardless of study group, indicating less nonadherence or delayed dispensation requests. A drug benefit (as opposed to no drug cost coverage) was strongly associated with medication adherence, possibly indicating that costs affected the decision to fill the new prescription. It might be expected that the intervention would be less effective in patients without a drug benefit, but that was not the case. We did not collect data on differing copayment amounts for those with a drug benefit. Studies of changes in medication copayments have found an effect on medication adherence in the United States. 4, [11] [12] [13] [14] [15] [16] (Table 3) were used to identify potential differences in intervention effect across subgroups. A significant interaction (at P Ͻ .05) was found for age (P = .045). A potential interaction (at .05 Ͻ P Ͻ .10) was found for language (P = .08). The effect of the intervention in each subgroup of age and language was determined using separate regressions with interactions for each variable of interest and control for other covariates.
b Race was not used as a covariate because of colinearity between race and language in subgroup regression. Interaction terms from logistic regression (n = 5261) were used to identify potential differences in intervention effect across subgroups with control for other covariates. Odds ratios (ORs) (diamonds) and 95% CIs (error bars) repesent the intervention vs control in each subgroup. A significant interaction was found for age (overall P = .045).
